Due to their rarity, institutional series of nonurothelial bladder carcinoma has generally evaluated only a single Original Article ABSTRACT Introduction: We aimed to evaluate the relative prognostic impact of the most common variant histologies on disease-specific survival (DSS) in patients undergoing radical cystectomy. Materials and Methods: The Surveillance, Epidemiology, and End Result database was used to identify patients who underwent radical cystectomy for bladder cancer from 1990 to 2007. Patients with urothelial cell carcinoma (UCC), squamous cell carcinoma (SCC), adenocarcinoma (AC), sarcoma, small cell carcinoma, signet ring carcinoma, and spindle cell carcinoma were included in the study. Multivariable analysis was performed using Cox proportional hazards model to assess independent predictors of disease-specific survival (DSS). Mortality rates were estimated using Kaplan-Meier analyses. Results: A total of 14,130 patients met inclusion criteria with the following histologies: UCC (90.1%), SCC (4.6%), AC, (2.3%), sarcoma (0.8%), small cell carcinoma (0.8%), signet ring carcinoma (0.5%), and spindle cell carcinoma (0.9%).
INTRODUCTION
Bladder cancer accounts for over 70,000 new cancer diagnoses per year in the United States, with pure urothelial cell carcinoma (UCC) comprising approximately 90%-95% of these cases. [1] [2] [3] The remaining 5%-10% of bladder cancers consist of pure nonurothelial histologies or mixed urothelial and nonurothelial histologies, and these are generally associated with a worse prognosis compared to urothelial cell bladder carcinoma. [4] Given the paucity of information regarding nonurothelial histologies, there is a tendency among clinicians to homogenize all the clinically and biologically different pure nonurothelial and mixed histologies into a single category: nonurothelial. Improved understanding of relative survival patterns among pure nonurothelial histologies is needed to improve patient counseling and aid clinical decision-making before cystectomy. histology at a time and is unable to place each histology within the context of other histologic subtypes. [4] Studies involving larger administrative databases have been performed as well, but only select nonurothelial histologies have been assessed. [5] [6] [7] No comparative analyses assessing the multiple variant histologies and their impact on oncologic outcomes have been performed. We, therefore, sought to evaluate the relative prognostic impact of the most common variant histologies on long-term survival in patients undergoing radial cystectomy using the Surveillance, Epidemiology, and End Results (SEER) database.
MATERIALS AND METHODS
We reviewed the SEER database, the countries' preeminent cancer database (http://seer.cancer.gov/), from 1990 to 2007 for patients diagnosed with bladder cancer. To homogenize our cohort to patients who were considered surgical candidates, we limited our study population to patients who underwent radical cystectomy. Patients who were under 18 years of age or presented with metastatic disease were excluded from the study.
Organ site was extracted using International Statistical Classifications of Diseases for Oncology, 3 rd edition (ICD-O-3) site codes for the urinary bladder (C670-C679). Histology ICD-O-3 codes were used to identify the most commonly observed bladder cancer histology cell types: UCC (8120, 8130), squamous cell carcinoma (SCC) (8070, 8076), adenocarcinoma (AC) (8140, 8144, 8255, 8260, 8263, 8310, 8323, 8480, 8481, 8570, 8574, 8575), sarcoma (8801-8802, 8810, 8890, 8896, 8880), small cell carcinoma (8041, 8446), signet ring carcinoma (8490), and spindle cell carcinoma (8030, 8031, 8122).
Covariates included demographic factors such as age, sex, race, year of diagnosis, geographic location, and marital status. Pathologic factors included pT stage, pN stage, and tumor grade. Demographic and pathologic factors were compared using Chi-squared and Fisher's exact test where appropriate for categorical variables and t-test continuous variables. The primary outcome was disease-specific survival (DSS) and the secondary outcome was overall survival (OS). Survival was calculated from the date of diagnosis to the date of last follow-up or death. If death was not the final outcome, patients were censored at the date of the last follow-up. To compare the survival among different histologic subtypes, mortality rates were estimated using Kaplan-Meier product limit method and compared using the log-rank test. Univariable and multivariable analyses were performed using the Cox proportional hazards model analysis. Potential confounding variables included in the multivariate analysis were selected based on P < 0.10 in univariate analysis or clinical appropriateness. [8] Statistical analysis was performed using Stata version 13.0 (College Station, TX, USA). All reported P values generated were two-sided and P < 0.05 was considered statistically significant.
RESULTS
A total of 14,130 patients with the following histologies: UCC (90.1%), SCC (4.6%), AC (2.3%), sarcoma (0.8%), small cell carcinoma (0.8%), signet ring carcinoma (0.5%), and spindle cell carcinoma (0.9%) were reviewed. The median follow-up time was 25 months (interquartile range 10-61 months).
The demographic and pathologic characteristics among the different histologic subtypes are shown in Table 1 . The percentage of each patient population comprised males ranged from 80.3% of patients with signet ring tumors and 55.7% of patients with SCC. Only AC was more likely to occur in non caucasian patients compared to UCC (9.9% vs. 20.5%, P < 0.001).
Only spindle cell had similar T-stage compared to UCC (P = 0.057) and only sarcoma had similar nodal status (P = 0.114). The rate of nodal metastases ranged from 10.7% in sarcoma to 27.5% in signet ring. The univariable hazard ratio (HR) and 3-year and median OS and DSS by histologic subtype is shown in Table 2 . With the exception of AC, all nonurothelial bladder cancers have a worse 3-year OS and DSS when compared to UCC. The worst DSS was demonstrated in small cell histology with 3-year survival probabilities of 41.6%. Figures 1 and 2 show Kaplan-Meier survival curves for DSS and OS stratified by histology, respectively. The curves for UCC and AC never reach their median DSS within 10 years of diagnosis.
Multivariable survival analyses were performed controlling for age, grade, and pT and pN stage are shown in Table 3 . Being married was associated with improved DSS (HR 0.84, 95% confidence interval [CI]: 0.79-0.90, P = 0.001). Compared to urothelial carcinoma, there was an increased risk of disease-specific death associated with all variants except AC (HR 1.01, 95% CI: 0.82-1.23, P = 0.92) and small cell (HR 1.40, 95% CI: 1.00-1.97, P = 0.49). Sarcoma was associated with the worst DSS (HR 1.85, 95% CI: 1.36-2.51, P < 0.001), whereas signet ring tumors had the worst OS (HR 1.70, 95% CI: 1.25-2.32, P = 0.001).
DISCUSSION
While UCC is the most common histology for patients undergoing radical cystectomy, histologic variants comprise a substantial number of patients undergoing radical cystectomy in the United States. Using a large administrative data set, we report an incidence of nonurothelial cancer of approximately 10% in patients undergoing radical surgery. This is high relative to previous studies which report rates ranging from 5% to 10%. [1, 2] The present study is the first to perform a comparative survival analysis for multiple histologic variants relative to urothelial carcinoma while controlling for age and other adverse pathologic characteristics. Survival information for patients with rare bladder tumors underrepresented in the literature provided by our study will prove useful in counseling newly diagnosed patients.
Similar to patients with pure UCC, patients with variant histology bladder cancer tended to be males although the patient population with SCC was nearly equal in terms of gender composition. Similarities in nonwhite race patient populations were also noted with Whites comprising near 90% of most populations; however, AC had nearly twice the nonwhite population compared to urothelial carcinoma (20% vs. 10%, respectively).
AC had similar OS and DSS to UCC. Ploeg et al. demonstrated a similar finding in an analysis of the nationwide Netherlands
Cancer Registry in all patients with >T1 disease where patients with urothelial carcinoma and AC had similar relative 3-year survival rates of 37% and 39%, respectively. [9] We show that this similarity holds true even when the study population is limited to patients who underwent All P values are generated by Chi-squared or Mann-Whitney U-tests comparing variants to UCC. UCC=Urothelial cell carcinoma, SCC=Squamous cell carcinoma, AC=Adenocarcinoma radical cystectomy. The improved survival among patients with AC compared to other nonurothelial bladder cancer is multifactorial and includes less aggressive tumor biology and tendency for local not distant recurrence. [10] In a series of 192 patients with bladder AC treated with cystectomy alone, 79 had disease recurrence, over half of which was local recurrence. [10] Despite these local recurrences, patients with pT1-2a disease had 100% disease-free survival 5 years following radical surgery and those with pT2b and pT3 had 47% and 40% disease-free survival at 5 years, respectively. [10] Small cell carcinoma of the bladder also had similar overall and DSS compared to urothelial carcinoma on multivariable analysis despite having worse 3-year survival on log-rank test. This finding may be secondary to the small number of patients with small cell carcinoma in our data set. A recent case-control study matched 68 patients with small cell carcinoma of the bladder with 138 patients with urothelial carcinoma of the bladder with similar TNM stage who received radical cystectomy. [11] This study also noted no difference in survival although adjuvant chemotherapy improved survival. Multimodal therapy, surgery and a combination of radiation therapy and chemotherapy, has emerged as the predominant treatment for patients with small cell carcinoma of the bladder. [7] While there is no standard treatment guideline, data from the National Cancer Database and MD Anderson Cancer Center showed that neoadjuvant chemotherapy greatly improved OS and DSS compared to radical cystectomy alone. [7] Besides AC and small cell carcinoma, the remaining analyzed histologic variants were associated with worse OS and DSS following radical cystectomy. The reasons for the worse survival in these patients are certainly multifactorial. First, the tumor biology and natural history of nonurothelial tumors may have more aggressive characteristics and thus portend a poor prognosis. Second, the paucity of published clinical series is in general fragmented with series limited to institutional series makes optimal treatment regimens and timely management of these tumors difficult. Finally, discordancy between transurethral resection of bladder tumor (TURBT) specimens diagnosed at pure urothelial carcinoma and final radical cystectomy histologic designation of mixed histology may preclude certain patients from receiving potential neoadjuvant multimodal therapy. In one multicenter study, more than half men with variant histology noted upon radical cystectomy specimen analysis were not diagnosed with variant histology at TURBT. [12] We also present the largest cohort of patients with signet ring tumors who underwent radical cystectomy. In a recent review of case reports of 54 patients, only 8 patients survived >2 years. [13] Of these, all but one received radical cystectomy. [13] Radical cystectomy is generally considered the treatment of choice for localized signet ring carcinoma. [14] Platinum-based drugs, 5-fluoriouracil, and anthracyclines are generally selected as chemotherapeutic agents but are not consistently effective. [13] Thus, our survival data on patients with localized signet ring tumors of the bladder who underwent radical cystectomy represent accurate reflections of the likely poor prognosis for a patient with these tumors.
Differences in survival may be related to lower utilization of chemotherapy for variant histologies, for which there is no consensus regimen. The role of neoadjuvant and adjuvant chemotherapy in patients with variant histology has received some recent attention but remains poorly understood. In a secondary analysis of the SWOG 8710 study which evaluated survival in patients with stage T2-T4a bladder urothelial carcinoma undergoing cystectomy versus cystectomy plus neoadjuvant methotrexate, vinblastine, doxorubicin, and cisplatin chemotherapy, there was a survival benefit in the patients with mixed histology (urothelial carcinoma + squamous and glandular differentiation) (HR 0.46; 95% CI: 0.25-0.87; P = 0.02 ). [15] While this analysis was performed on mixed tumors, there may be some benefits for neoadjuvant therapy if extrapolated to the treatment of pure nonurothelial bladder carcinoma. Black et al. in a series from MD Anderson Cancer Center advocate the use of neoadjuvant chemotherapy in high-risk urothelial carcinoma and consider nonurothelial histology a high-risk feature and thus a qualifier for neoadjuvant chemotherapy. [4] As a retrospective study utilizing administrative data, our study has important limitations. The SEER data set contains information that is retrospectively collected and relies on the ability of individual coders to translate information from patient charts into the data set. There is no information regarding certain relevant covariates such as patient comorbidity, margin status, indication for RC, prior therapies, or adjuvant or neoadjuvant chemotherapy administration, which could contribute to a bias in survival analysis. Furthermore, there was no central pathology review, which may have resulted in misclassification of these rare and often difficult to characterize bladder histologies.
Finally, it is impossible to determine whether histologic variant occurred in the presence of absence of coexisting UCC.
Despite these limitations, the power of the SEER data set lies in its large sample of these relatively infrequent bladder cancers over a large population that is broadly generalizable across the United States. The rarity of these nonurothelial tumors makes it difficult to obtain sufficient sample sizes from institutional series; therefore, administrative data sets can offer an important avenue to more thoroughly understanding the relative significance of variant histologic subtypes of bladder cancer. [16] In addition, SEER provides valuable information on DSS, information not available in the National Cancer Database or the Netherlands Cancer Registry. [7, 9] 
CONCLUSIONS
With the exception of AC, most common nonurothelial bladder cancer histologies are all independently associated with worse DSS relative to UCC in patients undergoing RC. In particular, sarcoma, spindle cell, and signet ring variants were particularly aggressive malignancies, more so even than small cell carcinoma of the bladder. Further research is needed to better understand the unique biology of these nonurothelial bladder cancer histologies as well as the optimal timing and modes of therapy to improve the long-term outcomes in affected patients.
